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Abstract 
This research is to study the air-interface signal problems over GSM cellular network. Using TEMS investigation 
GSM, several air-interface signal problems are detected at Sukhumvit-Naklue Road, Pattaya-Beach Road No.1, 
Pattaya Alleyways No.1-4, and Central Pattaya Avenue. In this paper, technical causes are examined and corrective 
approaches are also recommended. In particular, those problems can be clearly eliminated using corrective 
approaches.  
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of I-SEEC2011 
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1. Introduction 
By the end of 1993, a digital GSM (Global system for mobile communication) technology was widely 
deployed in Europe and Asia. Afterwards, it was respectively improved with higher technologies such as 
HSCSD (High-speed circuit-switched data), GPRS (General packet radio service), EDGE (Enhanced data 
rates for GSM evolution), and WCDMA (Wideband code division multiple access) [1]-[3]. Meanwhile, 
several air-interface signal problems were increasingly found in this network. At the present time, these 
problems are being greatly increased in several cities. In Thailand, a lot of air-interface signal problems 
are found at Pattaya district in Chonburi province [4].  
In our study, we used an air-interface GSM investigator comprising of a licensed TEMS investigation 
GSM v.8.0 installed on a laptop computer which is interfaced to a cell phone and a GPS navigator. In 
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practice, the cell phone is used to make a call to BTS (Base transceiver station), TEMS investigation 
software is used to examine the quality of air-interface signal, and GPS navigator is used to identify the 
location of cell phone. In our drive testing around Central Pattaya area, air-interface signal problems have 
been detected at Sukhumvit-Naklue Road, Pattaya-Beach Road No.1, Pattaya Alleyways No.1-4, and 
Central Pattaya Avenue. In the subsequent section, technical causes of these problems are described. 
2. Causes of Problem 
In fact, the air-interface signal problems are mostly affected by equipment malfunctions and frequency 
planning errors. 
2.1. Equipment Malfunctions 
The air-interface signal problems can be possibly caused by malfunctioned equipments and broken 
indoor/outdoor transmission lines. In this case, air-interface signal may be weakened at less than -110 
dBm which is insufficient to make a connection. In practice, the malfunctioned equipment must be 
replaced by a new one within 1-2 hours. 
2.2. Frequency Planning Errors 
Most of air-interface signal problems detected are frequently found in several urban zones, which are 
mainly caused by frequency planning errors. In this case, radio frequency parameters of air-interface 
signal must be reconfigured. In our study, technical causes of these problems have been summarized as 
followed [4], [5].  
a.  Signal overshooting – it is a downlink signal which is crossover propagated from another 
station. 
b.  Signal overlapping – it can be occurred in an area overlapped by few stations. 
c.  Co-frequency – it is a downlink signal having the same frequency propagated from another 
station. 
d.  Adjacent frequencies – it is occurred by adjacent frequencies from neighbor stations. 
e.  Other interferences – it is a high-power noise from other sources such as jammers, citizen radio 
stations, and military radio stations. 
3. Corrective Approaches 
In Table 1, two major air-interface problems and their symptoms are summarized. In addition, 
technical causes of problem are also investigated with respect to problem symptoms.  
Furthermore, several air-interface problems are detected. The loss of signal for few seconds during 
conversation is occurred at Sukhumvit-Naklue Road.  The connection difficulty with a very weak signal 
is occurred at Pattaya-Beach Road No.1.  No signal and disconnection without hanging-on are occurred at 
Pattaya Alleyways No.1-4, and echo and unclear voices are occurred at Central Pattaya Avenue. These 
problems have been analyzed with respect to symptoms and technical causes as mentioned above. By the 
way, corrective approaches shown in Tables 2 and 3 can be obtained by using TEMS investigation GSM 
to examine the quality of air-interface signal as exhibited in the subsequent section. 
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Table 1. Causes and symptoms of problems 
Problem Cases Symptoms Technical Causes 
I. Low quality 
connection
-  A good quality signal with connection 
difficulty, unclear voice, echo, and noises. 
- A weak signal with a loss of signal for 
few seconds, unstable signal power, and 
connection difficulty. 
- Equipment malfunctions  
- Signal overshooting, signal overlapping, co-frequency, 
adjacent frequencies, and other interferences. 
II. Disconnection -  Disconnection without hanging-on.  
-  Disconnection during cell phone moving. 
- Equipment malfunctions, and broken transmission lines 
and power supply. 
- Signal overshooting, co-frequency, adjacent 
frequencies, and other interferences. 
- Operation software of base stations being updated. 
Table 2. Corrective approaches for the equipment malfunctions case 
A. Equipment malfunctions case 
Symptoms 
Corrective
approach A-1 
Corrective
approach A-2 
Corrective
approach A-3 
Corrective
approach A-4 
Corrective
approach A-5 
i) Loss of signal for few seconds 
during conversation  
x x - - - 
ii) Connection  difficulty with a 
very weak signal 
- x x x - 
iii) No signal and disconnection 
without hanging-on 
x - - - x
iv) Echo and unclear voices - x x - - 
A-1: The malfunctioned equipment must be replaced by a new one. 
A-2: A new sector should be created by adding an antenna and the direction/degree of all antennas should also be adapted. 
A-3: A new repeater should be added. 
A-4: A new micro-cell should be created. 
A-5: All equipments, indoor/outdoor transmission lines, and power supply must be re-examined. 
Table 3. Corrective approaches for the frequency planning errors case  
B. Frequency planning errors case 
Symptoms 
Corrective
approach B-1 
Corrective
approach B-2 
Corrective
approach B-3 
i) Loss of signal for few seconds during conversation  x x x
ii) Connection  difficulty with a very weak signal x x - 
iii) No signal and disconnection without hanging-on x x - 
iv) Echo and unclear voices x x x
B-1: Radio frequency parameters should be re-planned and/or reused frequency should be changed. 
B-2: Radio frequency configuration such as adjacent frequencies, handover, and power radiation should be reconfigured. 
B-3: The interference sources must be discovered. 
4. Results
In this section, the quality of air-interface signal before correction is demonstrated as shown in Fig. 1 
and 2. In the figure, the direction of drive testing is indicated by the arrow line, a high power signal at 
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more than -70 dBm is denoted by green, and a very low power signal at less than -110 dBm is denoted by 
red. Note that a very low power signal at less than -110 dBm is unable to connect. The air-interface 
performance can be exhibited with several parameters such as received power level (RxLev), received 
signal quality (RxQual), frame error rate (FER), bit error rate (BER actual), speech quality index (SQI), 
carrier to interference ratio (C/I), dis-continuous transmission (DTX), timing advance (TA), radio link 
(RL) timeout, absolute radio-frequency channel number (ARFCN), base station identity code (BSIC), etc. 
In practice, these parameters must be carefully examined to identify the actual causes of problem. Figures 
1(a), (b), (c), and (d) are respectively demonstrated the quality of air-interface signal at i) Sukhumvit-
Naklue Road, ii) Pattaya-Beach Road No.1, iii) Pattaya Alleyways No.1-4, and iv) Central Pattaya 
Avenue. 
     a) Sukhumvit-Naklue Road         b) Pattaya-Beach Road No.1        c) Pattaya Alleyways No.1-4        d) Central Pattaya Avenue
Fig. 1. The air-interface signal problems detected in Central Pattaya area. 
In Figures 2(a), (b), (c), and (d), several worst performance parameters denoted by red are detected by 
TEMS investigation GSM such as RxLev, RxQual, FER, BER actual, FER actual, SQI, C/I worst/best 
(0), and C/I. At this time, these problems have been solved using corrective approaches shown in Tables 2 
and 3. In Figure 3, the quality of air-interface signal after correction is shown and it is confirmed that 
these problems can be eliminated using recommended corrective approaches. 
1) The loss of signal for few seconds during conversation detected at Sukhumvit-Naklue Road can be 
eliminated by adding a new sector (corrective approach A-2), due to a weak received signal 
without any frequency planning errors and equipment malfunctions. 
2) The connection difficulty with a very weak signal found at Pattaya-Beach Road No.1 can be 
eliminated by changing of reused frequency (corrective approach B-1). 
3) No signal and disconnection without hanging-on problems found at Pattaya Alleyways No.1-4 can 
be eliminated by reconfiguring of frequency parameters (corrective approach B-2). 
4) Echo and unclear voices problems found at Central Pattaya Avenue can be eliminated by 
reconfiguring of frequency parameters (corrective approach B-2). 
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                                a) Sukhumvit-Naklue Road                                                             b) Pattaya-Beach Road No.1        
                          c) Pattaya Alleyways No.1-4                                                           d) Central Pattaya Avenue
Fig. 2. Radio performance parameters of air-interface signal 
     a) Sukhumvit-Naklue Road         b) Pattaya-Beach Road No.1        c) Pattaya Alleyways No.1-4        d) Central Pattaya Avenue
Fig. 3. The quality of air-interface signal after correction 
5. Conclusions 
The effective corrective approaches for air-interface signal problems occurred in Central Pattaya area 
have been demonstrated in this paper. In addition, technical causes of problem have also been reported. It 
is much useful for field engineers to solve the same air-interface signal problems in other regions. 
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